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OPTICAL COMPONENT AND MANUFACTURING METHOD THEREOF, 
MICROLENS SUBSTRATE AND MANUFACTURING METHOD THEREOF, 

DISPLAY DEVICE, AND IMAGING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an optical component whose siting, shape 
and size are well controlled and to a method of manufacturing such an optical component. 
The present invention also relates to a microlens substrate and its manufacturing method, a 
display device, and an imaging device. 

2. Description of Related Art 

[0002] In a related art method of manufacturing an optical member, such as a lens, 
for example, a droplet including a liquid material is ejected onto a substrate, then cured. With 
this method, however, it is difficult to obtain an optical member having a properly adjusted 
focal length, because the shape of the optical member that is formed is constrained by the 
contact angle between the droplet and the substrate. 

[0003] The related art also includes methods, for example, of forming an optical 
member of the desired shape by adjusting the wettability of the substrate surface (for 
example, as disclosed in Japanese Laid Open to the Public No. Hei 2-165932, and Japanese 
Laid Open to the Public No. 2000280367). 

[0004] However, these methods are not adequate to strictly control the shape, size, 
and siting of the optical member. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides an optical component whose siting, shape 
and size are well controlled and to provide a method of manufacturing such an optical 
component. 

[0006] The present invention also provides a microlens substrate and a method of 
manufacturing the microlens substrate, where the siting, shape and size of the lens is well 
controlled, and to provide a display device and/or imaging device equipped with the 
microlens substrate. 
1 . Optical component 

[0007] The optical component of the present invention includes a base member 
disposed upon a substrate, and an optical member disposed upon the top surface of the base 
member. 
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[0008] Here, "substrate" refers to an object having a surface upon which the base 
member can be formed. The surface may be flat or may be curved, as long as the base 
member can be formed thereupon. Therefore, as long as it has such a surface, the shape of the 
substrate itself is not specifically prescribed. Moreover, the base member may also be formed 
so that it is integrated with the substrate. 

[0009] Also, "base member" refers to a member having a top surface upon which 
the optical member can be formed, and "top surface of the base member" refers to the surface 
upon which the optical member is formed. The top surface of the base member may be flat or 
may be curved, as long as the optical member can be formed thereupon. In addition, "optical 
member" refers to a member having a function that changes the character or travel direction 
of light. 

[0010] According to the present invention, by controlling the shape, height and 
other characteristics of the top surface of the base member by using the aforementioned 
configuration, it is possible to obtain an optical component that includes an optical member 
whose siting, shape and size are well-controlled. Details are provided of an exemplary 
embodiment below. 

[0011] The optical component of the present invention can take any of the 
exemplary forms described below in (1) through (10). 

[0012] (1) The base member can be made of a material that transmits light of a 
prescribed wavelength. Here, "transmit" refers to the entry of light incident on the base 
member and the subsequent exit of the light from the base member. It includes not only 
instances where all the light incident on the base member exits from the base member but 
also instances where only a portion of light incident on the base member exits from the base 
member. 

[0013] (2) The optical member may function as a lens, a polarizing element, or a 
light-splitter. 

[0014] (3) The optical member may be a spherical shape or may be an elliptical 
spherical shape. 

[0015] (4) The optical member may be a sectioned spherical shape or may be a 
sectioned elliptical spherical shape. 

[0016] Here, "sectioned spherical shape" refers to a shape obtained by sectioning a 
sphere on a single plane. In addition to perfect spheres, the sphere also includes shapes that 
approximate a sphere. Here, "sectioned elliptical spherical shape" refers to a shape obtained 
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by sectioning a spherical ellipse on a single plane. In addition to perfect spherical ellipses, a 
spherical ellipse also includes shapes that are approximately spherical. 

[0017] In this case, the section of the optical member may be a circle or an ellipse. 
Moreover, in this case the optical member may be provided with a function as a lens or as a 
polarizing element. 

[0018] (5) The top surface of the base member is triangular, and the optical member 
is formed by ejecting a droplet on the top surface of the base member to form an optical 
member precursor, and by then curing the optical member precursor. In this case the optical 
member may be provided with a function as a polarizing element. 

[0019] (6) The optical member may be formed by curing a liquid material that can 
be cured by adding energy. 

[0020] In this case the optical member may be composed of an ultraviolet curing 
resin or of a thermosetting resin. 

[0021] (7) The top surface of the base member may be one of any of a circle, an 
ellipse, or a triangle. 

[0022] (8) The top surface of the base member may be a curved surface. 

[0023] (9) The angle formed between the top surface of the base member and a 
surface in a side portion of the base member, which contracts the top surface, is an acute 
angle. Where the optical member is formed by ejecting a droplet to form an optical member 
precursor that is subsequently cured, this configuration can prevent the side surface of the 
base member from becoming wet by the droplet. As a result, it is possible to reliably form an 
optical member having the desired shape and size. 

[0024] In this case, the upper part of the base member may form an inverse tapered 
shape. Here, "the upper part of the base member" refers to the region in the vicinity of the top 
surface of the base member. According to this configuration, if the optical member is formed 
by ejecting a droplet to form an optical member precursor that is then cured, the angle formed 
by the surface and side of the base member can be made smaller while maintaining the 
stability of the base member. Thus, this configuration can reliably prevent the side surface of 
the base member from becoming wet by the droplet. As a result, it is possible to more reliably 
form an optical member having the desired shape and size. 

[0025] (10) The optical member is a micro lens and may function as a micro lens 
substrate. 
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[0026] In this case, the perimeter of the optical member is embedded using a sealing 
material. This enables the optical member to be reliably secured to the top surface of the base 
member. 

2. Optical component manufacturing method 

[0027] A method of manufacturing an optical component of the present invention 
includes: 

(a) forming a base member upon a substrate; 

(b) ejecting a plurality of droplets on to the top surface of the base member 
to form an optical member precursor; and 

(c) curing the optical member precursor to form an optical member. 
[0028] According to the present invention, by controlling the shape, height, siting 

and other characteristics of the top surface of the base member in the step of (a), and by, for 
example, controlling the volume of the ejected droplet in the step of (b), it is possible to form 
an optical component containing an optical member whose siting, shape and size are well 
controlled. Details will be provided in the description of the exemplary embodiment. 

[0029] The method of manufacturing an optical component of the present invention 
can take any of the exemplary forms described below in (1) - (7), 

[0030] (1) The base member in the step of (a) may be formed with a material that 
transmits light of a prescribed wavelength. 

[0031] (2) The droplet in the step of (b) may be ejected using an inkjet method. 
Since an inkjet method allows the volume of the ejected droplet to be finely controlled, a very 
small optical member can be disposed simply and conveniently on the top surface of the base 
member. 

[0032] (3) The optical member precursor described in the step of (c) can be cured 
by adding energy. 

[0033] (4) The base member in the step of (a) may be formed so that an acute angle 
is formed between the top surface of the base member and a surface in a side portion of the 
base member, which contacts the top surface. 

[0034] In this way, the side of the base member is able to prevent wetting by the 
droplet in the step of (b). As a result, it is possible to reliably form an optical member having 
the desired shape and size. 

[0035] Herein, the upper part of the base member may form an inverse tapered 
shape in the step of (a). The angle formed between the top surface of the base member and a 
surface in a side portion of the base member, which contacts the top surface, can thus be 
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made smaller while maintaining the stability of the base member. Hence it is possible to 
reliably prevent the side of the base member from becoming wet by the droplet in the step of 
(b). As a result, it is possible to more reliably form an optical member having the desired 
shape and size. 

[0036] (5) Furthermore, the wettability of the top surface of the base member with 
respect to the droplet described in step (d) above can be adjusted before (b) above. As a 
result, it is possible to form an optical member having the desired shape and size. Here, for 
example, a film having either lyophilic or lyophobic properties with respect to the droplet is 
formed on the top surface of the base member, thereby controlling the wettability of the top 
surface of the base member with respect to the droplet. 

[0037] (6) The optical member is a micro lens, and the optical component may be a 
micro lens substrate. 

[0038] (7) Furthermore, the method of manufacturing an optical component may 
comprise (e) embedding the perimeter of the optical member using a sealing material. This 
enables the optical member to be secured to the top surface of the base member by using a 
simple and convenient method. 

3. Optical member manufacturing method 

[0039] A method of manufacturing an optical component according to the present 
invention includes: 

(a) forming a base member upon a substrate; 

(b) ejecting a droplet on to the top surface of the base member to form an 
optical member precursor; 

(c) curing the optical member precursor to form an optical member; and 

(d) removing the optical member from the top surface of the base member. 
[0040] According to the method of manufacturing an optical member of the present 

invention, the optical member is used as a discrete optical component, and thus the optical 
member can be removed from the top surface of the base member by a simple and convenient 
method. 

[0041] In this case, the base member in the step of (a) may be formed with a 
material that transmits light of a prescribed wavelength. 

4. Micro lens substrate 

[0042] A micro lens substrate of the present invention includes a base member 
formed on a substrate and a lens formed on the top surface of the base member. 
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[0043] According to the micro lens substrate of the present invention, it is possible 
to obtain a micro lens substrate containing a lens whose siting, shape and size are well 
controlled by controlling the shape, height and other characteristics of the top surface of the 
base member. 

[0044] In this case, the base member may be composed of a material that transmits 
light of a prescribed wavelength. 

5. Micro lens substrate manufacturing method 

[0045] A method of manufacturing a micro lens substrate of the present invention 
includes: 

(a) forming a base member upon a substrate; 

(b) ejecting a droplet on to the top surface of the base member to form a lens 

precursor; and 

(c) curing the lens precursor to form a lens. 

[0046] According to the method of manufacturing a micro lens substrate of the 
present invention, it is possible to form a micro lens substrate containing a lens whose siting, 
shape and size are well controlled by controlling the shape, height, siting and other 
characteristics of the top surface of the base member in the step of (a), and by controlling the 
volume of the ejected droplet in the step of (b). 

[0047] Herein, the base member in the step of (a) may be formed with a material 
that transmits light of a prescribed wavelength. 

6. Display device 

[0048] A display device of the present invention is equipped with the micro lens 
substrate of the present invention. Liquid crystal displays, liquid crystal projectors, and 
organic electro-luminescent displays can be cited as examples of such a display device. 

7. Imaging device 

[0049] An imaging device of the present invention is equipped with the micro lens 
substrate of the present invention. A solid-state imaging element in a solid-state imaging 
device (such as a CCD) can be cited as an example of such an imaging device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1 is a sectional view that schematically shows an optical component of 
an exemplary embodiment applying the present invention; 

[0051] FIG. 2 is a plan view that schematically shows the optical component shown 
in FIG. 1; 
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[0052] FIG. 3 is a sectional view that schematically shows an optical component of 
the exemplary embodiment applying the present invention; 

[00531 FIG. 4 is a plan view that schematically shows the optical component shown 
in FIG. 3; 

[0054] FIG. 5 is a sectional view that schematically shows an optical component of 
the exemplary embodiment applying the present invention; 

[0055] FIG. 6 is a plan view that schematically shows the optical component shown 
in FIG. 5; 

[0056] FIG. 7 is a sectional view that schematically shows an optical component of 
the exemplary embodiment applying the present invention; 

[0057] FIG. 8 is a plan view that schematically shows the optical component shown 
in FIG. 7; 

[0058] FIG. 9 is a sectional view that schematically shows a case where the optical 
member shown in FIG. 1 and FIG. 2 functions as a lens; 

[0059] FIG. 10 is a sectional view that schematically shows a case where the optical 
member shown in FIG. 1 and FIG. 2 functions as a polarizing element; 

[0060] FIG. 1 1 is a sectional view that schematically shows an optical component 
of the exemplary embodiment applying the present invention; 

[0061] FIG. 12 is a plan view that schematically shows the optical component 
shown in FIG. 1 1 ; 

[0062] FIG. 13(a) - FIG. 13(c) are sectional views that schematically show a 
process of manufacturing the optical component shown in FIG. 1 and FIG. 2, respectively; 

[0063] FIG. 14 is a sectional view that schematically shows a method of removing 
an optical member of the exemplary embodiment applying the present invention; 

[0064] FIG. 15 is a sectional view that schematically shows the micro lens substrate 
of one example of the present exemplary embodiment; 

[0065] FIG. 16 is a plan view that schematically shows the micro lens substrate 
shown in FIG. 1 5 ; 

[0066] FIG. 17(a) - FIG. 17(e) are sectional views that schematically show the 
process of manufacturing the optical component shown in FIG. 15 and FIG. 16, respectively; 

[0067] FIG. 18(a) and FIG. 18(b) are sectional views that schematically show the 
process of manufacturing the micro lens substrate shown in FIG. 15 and FIG. 16, 
respectively; 
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[0068] FIG. 19 is a sectional view that schematically shows the micro lens substrate 
of one example of the present exemplary embodiment; 

[0069] FIG. 20 is a plan view that schematically shows the micro lens substrate 
shown in FIG. 19; 

[0070] FIG. 21(a) - FIG. 21(e) are sectional views that schematically show the 
process of manufacturing the micro lens substrate shown in FIG. 19 and FIG. 20, 
respectively; 

[0071] FIG. 22 is a sectional view that schematically shows the micro lens substrate 
of one example of the present exemplary embodiment; 

[0072] FIG. 23 is a plan view that schematically shows the micro lens substrate 
shown in FIG. 22; 

[0073] FIG. 24(a) - FIG. 24(e) are sectional views that schematically show the 
process of manufacturing the micro lens substrate shown in FIG. 22 and FIG. 23, 
respectively; 

[0074] FIG. 25(a) and FIG. 25(b) are sectional views that respectively 
schematically show a method of removing the optical members of on example of the present 
exemplary embodiment; 

[0075] FIG. 26 is a sectional view that schematically shows one exemplary 
modification of the micro lens substrate shown in FIG. 15; 

[0076] FIG. 27 is a sectional view that schematically shows an optical component 
of the exemplary embodiment applying the present invention; 

[0077] FIG. 28 is a plan view that schematically shows the optical component 
shown in FIG. 27; 

[0078] FIG. 29 is an enlarged view of a cross-section of FIG. 13(c); 

[0079] FIG. 30 is a sectional view that schematically shows the method of 
manufacturing a commonly used optical component. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0080] An exemplary embodiment of the present invention is described with 
reference to the figures below. 
1 . Optical component structure 

[0081] FIG. 1 is a sectional view that schematically shows an exemplary 
embodiment of an optical component 100 applying the present invention. FIG. 2 is a plan 
view that schematically shows the optical component 100 shown in FIG. 1. Moreover, FIG. 1 
is a cross-sectional view taken along plane A - A in FIG. 2. 
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[0082] FIG. 3, FIG. 5 and FIG. 7 are sectional views that schematically show an 
exemplary modification, where the shape of a base member 12 of the optical component 100 
shown in FIG. 1 is changed. FIG. 4, FIG. 6, and FIG. 8 are plan views that schematically 
show optical components 101, 102, and 103 shown in FIG. 3, FIG. 5 and FIG. 7, respectively. 

[0083] In addition, FIG. 1 1 is a sectional view that schematically shows an 
exemplary modification, where the shape of the base member 12 and an optical member 14 of 
the optical component 100 shown in FIG. 1 is changed. FIG. 12 is a plan view that 
schematically shows the optical component 104 shown in FIG. 11. 

[0084] In addition, FIG. 27 is a sectional view that schematically shows a 
modification example wherein the shape of the base member 12 and the optical member 14 of 
the optical component 100 shown in FIG. 1 is changed. FIG. 28 is a plan view that 
schematically shows an optical component 105 shown in FIG. 27. 

[0085] The optical component 100 of this exemplary embodiment includes the base 
member 12 disposed on a substrate 10, and an optical member disposed on a top surface 12a 
of the base member 12. The optical member 14 may have, for example, one or more of a 
function to condense, polarize or separate rays of incident light. The constituent elements of 
the optical component of the exemplary embodiment are explained below, with reference 
primarily to FIG. 1 and FIG. 2. 
[Substrate] 

[0086] The substrate 10 may be, for example, a semiconductor substrate, such as a 
silicon substrate or a GaAs substrate, or a glass substrate. 
[Base member] 
(A) Material 

[0087] In the optical component 100 of the exemplary embodiment, the base 
member 12 includes a material that transmits light of a prescribed wavelength. Specifically, 
the base member 12 includes a material that can transmit incident light to the optical member 
14. For example, the base member 12 may be formed using a polyimide resin, an acrylic 
resin, an epoxy resin or a fluorinated resin. The present exemplary embodiment cites an 
instance in which the base member 12 includes a material that transmits light of a prescribed 
wavelength, but the base member 12 may also be formed from a material that absorbs light of 
a prescribed wavelength. 

[0088] Moreover, the base member 12 may also be formed so that it is integrated 
with the substrate 10. In other words, the base member 12 in this case is formed from the 
same material as the substrate 10. 
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[0089] This type of the base member 12 can be formed, for example, by patterning 
the substrate 10. 
(B) Three-dimensional shape 

[0090] Exemplary modifications (the optical components 101, 102, 103) in which 
the three-dimensional shape of the base member 12 shown in FIG. 1 and FIG. 2 was changed 
are shown in FIG. 3 through FIG. 8. As shown in FIG. 1 through FIG. 8, the three- 
dimensional shape of the base member is not particularly prescribed, but at a minimum the 
structure must be such that an optical member can be disposed thereupon. For example, as 
shown in FIG. 1, the base member 12 of the optical component 100 is such that the top 
surface 12a can support the disposition of the optical member 14 thereupon. 

[0091] Also, as shown in FIG. 3 and FIG. 4, the angle 0 formed between a top 
surface 22a and a side surface 22b of a base member 22 can be made an acute angle. Here, 
the side surface 22b of the base member 22 refers to the surface within the side member of 
the base member 22 that is adjacent to the top surface 22a. In Fig. 3 and Fig. 4, the side 
member of base member 22 is the side surface 22b of the base member 22. 

[0092] The optical member 14 is formed by first ejecting a droplet on to the top 
surface 22a of the base member 22 so as to form an optical member precursor (to be 
explained later), and by then curing the optical member precursor. Therefore, the acute angle 
0 formed between the top surface 22a and the side surface 22b of the base member 22 
prevents the side surface 22b of the base member 22 from becoming wet by a droplet when a 
droplet is ejected to the top surface 22a of the base member 22. As a result, it is possible to 
reliably form an optical member 14 having the desired shape and size. For example, as 
shown in FIG. 3 and 4, the cross-section of optical member 14 is formed greater than the 
cross-section of base member 22. 

[0093] In addition, as shown in FIG. 5 and FIG. 6, the three-dimensional shape of 
the base member 32 can be formed such that the upper part 32c of the base member 32 forms 
an inverse tapered shape. In this case, too, an acute angle #is formed between a top surface 
32a of a base member 32 and the side surface 32b of it (the surface within the side member of 
the base member 32 that is adjacent to the top surface 32a). According to this configuration, 
the angle # formed between the top surface 32a and side surface 32a of the base member 32 
can be made smaller while maintaining the stability of the base member 32. In this way, the 
side surface 32b of the base member 32 can be reliably prevented from becoming wet by the 
droplet. As a result, it is possible to more reliably form the optical member 14 having the 
desired shape and size. 
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(C) Shape of the top surface 

[0094] The shape of the top surface of the base member is determined by such 
considerations as the function and application of the optical member formed on the top 
surface of the base member. In other words, the shape of the optical member can be 
controlled by controlling the shape of the top surface of the base member. 

[0095] For example, in the optical component 100 shown in FIG. 1 and FIG. 2, the 
top surface 12a of the base member 12 is round. Moreover, in the optical components 101, 
102 and 103 shown in FIG. 3 to FIG. 8, the top surface of the base member is also depicted as 
being round. 

[0096] If the optical member is to be used as a lens or a polarizing element, for 
example, then the top surface of the base member is made round. This enables the optical 
member to be formed in a three-dimensional spherical shape or in a sectioned spherical 
shape, and the optical member thus obtained can be used as a lens or as a polarizing element. 
An example in which the optical member 14 of the optical component 100 shown in FIG. 1 
and FIG. 2 is applied as a lens is shown in FIG. 9. In other words, as shown in FIG. 9, light 
rays can be gathered and condensed by the optical member (lens) 14. In addition, an example 
in which the optical member 14 of the optical component 100 shown in FIG. 1 and FIG. 2 is 
applied as a polarizing element is shown in FIG. 10. In other words, as shown in FIG. 10, the 
travel direction of the light can be changed by the optical member (polarizing element) 14. 

[0097] Also, although not shown in a drawing, if the optical member is used as an 
anisotropic lens or as a polarizing element, for example, then the top surface of the base 
member is made elliptical. This enables the optical member to be formed in a three- 
dimensional elliptical spherical shape or in a sectioned elliptical spherical shape, and the 
optical member thus obtained can be used as an anisotropic lens or as a polarizing element. 

[0098] Alternatively, if the optical member is to be used as a light-splitter (prism), 
for example, then the top surface of the base member may be made triangular. This optical 
member, whose base member has a triangular shape, is formed by ejecting a droplet on to the 
top surface of the base member so as to form an optical member precursor, and by then 
curing the optical member precursor. The optical member thus formed can be used as a light- 
splitting element. The details of the manufacturing method are explained below. An example 
in which the optical member is to be used as a prism is shown in FIG. 1 1 and FIG. 12. FIG. 
1 1 is a cross-sectional view taken along plane A - A in FIG. 12. As shown in FIG. 1 1 and 
FIG. 12, a base member 52 is triangular. Therefore, the shape of a top surface 52a of the base 
member 52 is triangular. The optical member 24 functions as a light-splitter (prism). 



12 

Specifically, as shown in FIG. 12, the light incident on an optical member 24 is split upon 
exit. 

[0099] Moreover, in all the aforementioned base members 12, 22, 32, 42, 52, the 
top surface is depicted as planar. However, as shown in FIG. 27 and FIG. 28, a top surface 
62a of a base member 62 may also be a curved surface. In the optical component 105 shown 
in FIG. 27 and FIG. 28, an essentially spherical optical member 34 may be disposed on the 
top surface 62a of the base member 62. 
[Optical member] 

(A) Three-dimensional shape 

[0100] The optical member has a three-dimensional shape that depends on the 
optical member's application and function. Details regarding the three-dimensional shape of 
the optical member will be omitted here, as they were provided in conjunction with the 
explanation regarding the base member. 

(B) Material 

[0101] The optical member 14 is formed, for example, by curing a liquid material 
that can be cured by applying heat or light or some other form of energy. Specifically, the 
optical member 14 in the present exemplary embodiment is formed by first ejecting a droplet 
consisting of the aforementioned liquid material to the top surface 12a of the base member 12 
so as to form an optical member precursor (to be explained below), and by then curing the 
optical member precursor. 

[0102] A precursor of an ultraviolet curing resin or of a thermosetting resin, for 
example, can be cited as the aforementioned liquid material. An ultraviolet curing resin and 
epoxy resin can be cited as examples of an ultraviolet curing resin. Moreover, a thermosetting 
polyimide resin can be exemplified as a thermosetting resin. 
2. A method of manufacturing an optical component 

[0103] Next, a method of manufacturing the optical component 100 shown in FIG. 
1 and FIG. 2 is explained with reference to FIG. 13(a) to FIG. 13(c). FIG. 13(a) to FIG. 13(c) 
are sectional views that schematically show the process for manufacturing the optical 
component 100 shown in FIG. 1 and FIG. 2, respectively. 

[0104] First, the base member 12 is formed on the substrate 10 [FIG. 13(a).] The 
base member 12 can be formed by selecting a suitable method (for example, a selective 
growth method, a dry etching method, a wet etching method, a lift-off method, a transfer 
method, etc.) according to the material, shape, and size of the base member 12. 
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[0105] Next, the optical member 14 is formed [FIG. 13(b)]. Specifically, a droplet 
14b of a liquid material of forming the optical member 14 is ejected on to the top surface 12a 
of the base member 12 so as to form an optical member precursor 14a. As described above, 
the liquid material is such that it can be cured by the application of energy 15. 

[0106] A dispenser method or an inkjet method, for example, can be cited as 
methods for ejecting the droplet 14b. A dispenser method is commonly used to eject droplets 
and is effective when ejecting the droplet 14b over a relatively large area. In an inkjet 
method, droplets are ejected using an inkjet head, with micron-order control possible over the 
location in which droplets are ejected. In addition, since the volume of an ejected droplet can 
be controlled on a picoliter order, an optical member of a minute structure can be produced. 

[0107] Moreover, before the droplet 14b is ejected, a lyophilic process or a 
lyophobic process is performed so that the wettability of the top surface 12a with respect to 
the droplet 14b can be controlled. As a result, it is possible to form the optical member 14 
having the prescribed shape and size. 

[0108] Next, the optical member precursor 14a is cured so as to form the optical 
member 14 [FIG. 13(c)]. Specifically, heat or light or some other form of energy is applied to 
the optical member precursor 14a. A suitable method of curing the optical member precursor 
14a is used according to the type of liquid material used. Specifically, the application of 
thermal energy, or the irradiation with ultraviolet light or laser light can be cited as examples 
of curing methods. The aforesaid process is used to obtain the optical component 100 that 
includes an optical member (FIG. 1 and FIG. 2). 

[0109] Furthermore, the optical member 14 can also be removed from the optical 
component 100 that is formed and can be used as a discrete optical component. For example, 
as shown in FIG. 14, the optical member 14 can be removed by spraying a gas 16 (an inert 
gas such as argon gas or nitrogen gas, for example) on the interface between the base member 
12 and the optical member 14. Or, the optical member 14 can be removed from the top 
surface 12a of the base member 12 by affixing adhesive tape (not shown) to the top of the 
optical member 14 and then pulling off the tape. 
3. Effect 

[0110] The optical component and the method of manufacturing the optical 
component of the present exemplary embodiment has the effect shown below. 

[0111] (1) First, the size and shape of the optical member 14 can be strictly 
controlled. That is, the shape of the optical member 14 can be controlled by the volume of the 
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ejected droplet 14b. As a result, it is possible to obtain an optical component that includes the 
optical member 14 having the desired shape and size. 

[0112] The aforesaid effects are discussed in detail below with reference to 
drawings. FIG. 29 is a sectional view that schematically shows the area around the interface 
between the base member 12 and the optical member precursor 14c, in the manufacturing 
process [FIG. 13(a) to FIG. 13(c)] for the optical component 100 of the present exemplary 
embodiment described above. Specifically, FIG. 29 is an enlarged view of the cross-section 
in FIG. 13(c). FIG. 30 is a sectional view that schematically shows the method of 
manufacturing a commonly used optical component. 

[0113] First, before covering in detail the effect of the present exemplary 
embodiment, the method of manufacturing a commonly used optical member is described 
with reference to FIG. 30. 

[0114] (a) Method of manufacturing a commonly used optical component 

[0115] One related art method of manufacturing an optical member involves first 
ejecting a liquid material onto the substrate 10 to form an optical member precursor, and then 
curing the optical member precursor to obtain an optical member. 

[0116] FIG. 30 is a sectional view showing a liquid material to form the optical 
member after the liquid material has been ejected onto the substrate 10. Specifically, FIG. 30 
shows the state before the optical member precursor is cured; that is, the state in which the 
optical member precursor 92a, which is composed of the liquid material, is situated on top of 
the substrate 10. 

[0117] In FIG. 30, Formula (1) below holds true for the relationship among A,$, A L 
and Asu where As is defined as the surface tension of the substrate 10, Al is the surface 
tension of the liquid material (optical member precursor), A,sl is the interface tension between 
the substrate 10 and the liquid material, and 0is the contact angle of the liquid material 
against the substrate 10. 

[0118] /t s = /LsL + A L cos 0 Formula (1) 

[01 19] The curvature of an optical member precursor 92a made up of the liquid 
material is limited by the contact angle 0 determined by Formula (1). In other words, the 
curvature of the optical member obtained after the optical member precursor 92a has been 
cured is primarily dependent on the material of the substrate 10 and of the liquid material. 
The curvature of the optical member is one factor that determines the shape of the optical 
member. Consequently, it is difficult to control the shape of the optical member that is 
formed using this manufacturing method. 
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[0120] In addition, in this instance, although not shown in a related art method, a 
film to adjust the wetting angle is first formed in a prescribed location on the surface of the 
substrate 10, after which a droplet of a liquid material is ejected, thereby increasing the 
contact angle 9 of the liquid material. According to this method, the shape of the optical 
member can be controlled to some extent. However, there are limits to controlling the shape 
of an optical member by forming a film for adjusting the wetting angle. 

[0121] (b) Method of manufacturing an optical component of the present exemplary 
embodiment 

[0122] In contrast to the aforesaid method, according to the method of 
manufacturing an optical component of the present exemplary embodiment, the optical 
member precursor 14a is formed on the top surface 12a of the base member 12, as shown in 
FIG. 29. Accordingly, as long as the side surface 12b of the base member 12 is not wetted by 
the optical member precursor 14a, the surface tension of the base member 12 does not affect 
the optical member precursor 14a. Instead, it is the surface tension Al of the optical member 
precursor 14a that has the primary effect. For this reason, the shape of the optical member 
precursor 14a can be controlled by adjusting the volume of the droplet used to form the 
optical member precursor 14a. As a result, it is possible to obtain the optical member 14 
having the desired shape and size, 

[0123] (2) Second, the siting of the optical member 14 can be strictly controlled. As 
stated above, the optical member 14 is formed by first ejecting the droplet 14b on to the top 
surface 12a of the base member 12 so as to form the optical member precursor 14a, and by 
then curing the optical member precursor 14a [FIG. 13(b)]. In general, it is difficult to strictly 
control the location at which an ejected droplet lands. Nevertheless, according to this method, 
the optical member 14 can be formed on the top surface 12a of the base member 12 without a 
special alignment step. That is, the optical member precursor 14a can be formed without an 
alignment step, by simply ejecting the droplet 14b onto the top surface 12a of the base 
member 12. In other words, the optical member 14 can be formed at the same alignment 
accuracy as that when the base member 12 was formed. Accordingly, an optical member 14 
whose siting has been controlled can easily be achieved. 

[0124] (3) Third, the shape of the optical member 14 can be established by 
establishing the shape of the top surface 12a of the base member 12. That is, by selecting the 
appropriate shape for the top surface 12a of the base member 12, it is possible to form the 
optical member 14 having the prescribed function. Therefore, by changing the shape of the 
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top surface 12a of the base member 12, it is possible to place a plurality of optical members 
having different functions on the same substrate. 

[0125] (4) Fourth, the distance between the substrate 10 and the optical member 14 
can be controlled by controlling the height of the base member 12. This facilitates the 
alignment between the substrate 10 and the optical member 14. It also enables the optical 
member 14 whose siting is controlled to be formed by a simple and convenient method. 

[0126] The present invention is not limited to the exemplary embodiment described 
above and may have a large variety of variations. For example, the present invention includes 
the configuration described in the exemplary embodiment, as well as configurations that are 
essentially the same thereto (for example, configurations whose functions, methods and 
results are the same, or configurations whose purpose and result are the same thereto). In 
addition, the present invention includes configurations in which parts nonintrinsic to the 
configuration described in the exemplary embodiment are substituted. In addition, the present 
invention includes configurations that achieve the same effect as the configuration described 
in the exemplary embodiment, as well as configurations that can achieve the same purpose 
thereof. In addition, the present invention includes configurations in which related art 
technology or technology known in the art is added to the configuration described in the 
exemplary embodiment. 
[Examples] 

[0127] Next, examples wherein the aforementioned exemplary embodiment is 
applied are described. Each of Examples 1 - 3 provides an example wherein the optical 
component 100 of the present exemplary embodiment is applied to a micro lens substrate. 
The micro lens substrate is disposed, for example, in a pixel member of a liquid crystal 
display panel, in a receiver surface of a solid-state imaging device (CCD), or in an optical 
coupling member of an optical fiber. Moreover, Example 4 describes a method of removing 
the optical member 14 obtained in Example 1. 
[Example 1] 

1 . Micro lens substrate structure 

[0128] FIG. 15 is a sectional view that schematically shows a micro lens substrate 
200 of Example 1. FIG. 16 is a plan view that schematically shows the micro lens substrate 
200 shown in FIG. 15. Moreover, FIG. 15 schematically shows a cross-section along 
plane A - A in FIG. 16. 
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[0129] As shown in FIG. 15, the micro lens substrate 200 has a plurality of optical 
members 114 disposed thereupon. The optical members 1 14 are disposed on a top surface 
1 12a of a base member 1 12. The base members 1 12 are formed upon a substrate 110. 

[0130] In the present example, the substrate 1 10 is a glass substrate, the base 
members 1 12 are a polyimide resin, and the optical members 1 14 include an ultraviolet cured 
resin. 

[0131] In addition, to secure the optical members 1 14, where necessary, the 
perimeter of the optical members 1 14 may be embedded using a sealing material 160 (FIG. 
26). Likewise, the perimeter of the optical members 1 14 in Examples 2 and 3 below may 
also, where necessary, be embedded using a sealing material 160. The sealing material 160 
preferably includes a material having a smaller refractive index than the material that 
comprises the optical members 114. The material of the sealing material 160 is not 
specifically prescribed, but a resin, for example, may be used, 
2. A method of manufacturing a micro lens substrate 

[0132] Next, a method of manufacturing the micro lens substrate 200 of the present 
example is described. FIG. 17(a) to- FIG. 17(e), as well as FIG. 18(a) and FIG. 18(b), are 
sectional views that schematically show the process for manufacturing the micro lens 
substrate 200 shown in FIG. 15 and FIG. 16, respectively. 

[0133] First, after a polyimide precursor is applied to the substrate 110, which 
consists of a glass substrate, the substrate 1 10 is heat treated at approximately 150 °C [FIG. 
17(a)]. A resin layer 1 12x is thereby formed. Although it can maintain its shape at this point in 
time, the resin layer 1 12x is not completely cured. 

[0134] Next, after a resist layer Rl is formed on the resin layer 1 12x, a 
photolithography step is performed using a mask 130 having a prescribed pattern [FIG. 
17(b)]. A resist layer Rl of the prescribed pattern is thereby formed [FIG. 17(c)]. 

[0135] Then, with the resist layer Rl as a mask, the resin layer 1 12x is patterned by, 
for example, wet etching using an alkaline solution. The base members 1 12 are thereby 
formed [FIG. 17(d)]. Next, the resist layer Rl is stripped, after which heat treatment at 
approximately 350 °C is performed, thereby completely curing the base members 112 [FIG. 
17(e)]. 

[0136] Then, using an inkjet head 1 1 7, a droplet 1 14b of a liquid material to form 
the optical member 1 14 is ejected onto the top surface 1 12a of the base member 1 12 so as to 
form the optical member precursor (lens precursor) 1 14a. This optical member precursor 
1 14a is converted to an optical member 114 (FIG. 15 and FIG. 16) by a subsequent curing 
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process. In addition, in the present example, an instance is described where a precursor of an 
ultraviolet cured resin is used as the liquid material, and an inkjet method is used as the 
method of ejecting the droplets 1 14b. Where necessary, the optical member precursor 1 14a of 
the desired shape and size is formed on the top surface 1 12a of the base member 1 12 by 
ejecting a plurality of droplets 1 14b. The droplets 1 14b is ejected until a cross-section of the 
optical member 114 become greater than a cross-section of the top surface 1 12a. 

[0137] Next, the optical member 1 14 is formed by irradiating the optical member 
precursor 1 14a with ultraviolet rays 115 [FIG. 18(b)]. The amount of ultraviolet irradiation is 
suitably adjusted according to the shape, size, and material of the optical member precursor 
1 14a. The optical members (lenses) 1 14 are formed by the aforesaid process. The micro lens 
substrate 200 that includes the optical member 1 14 is thus obtained (FIG. 15 and FIG. 16). 

[0138] The micro lens substrate 200 of the present example and its method of 
manufacture achieve the same effect as that achieved by the optical component of the present 
preferred embodiment and its method of manufacture. 
[Example 2] 

1 . Micro lens substrate structure 

[0139] FIG. 19 is a sectional view that schematically shows a micro lens substrate 
300 of Example 2. FIG. 20 is a plan view that schematically shows the micro lens substrate 
300 shown in FIG. 19. Moreover, FIG. 19 schematically shows a cross-section along 
plane A - A in FIG. 20. 

[0140] The micro lens substrate 300 of the present example is structurally different 
from that of the micro lens substrate 200 of Example 1 in that base members 132 have an 
awning-type shape. 

[0141] However, the other constituent elements are structurally the same as those in 
the micro lens substrate 200 of Example 1, so their description is omitted here. 

[0142] The base members 132, like the base members 1 12 of Example 1, consist of 
a polyimide resin. As shown in FIG. 19 and FIG. 20, the base members 132 have an awning- 
type shape. In other words, a upper part 132c of the base members 132 is formed in an 
inverse tapered shape. In this case, an acute angle 0is formed between the base members 132 
top surface 132a and its side surface 132b (the surface within the side member of the base 
member 132 that is adjacent to the top surface 132a). According to this configuration, the 
angle 0 formed between the base member's top surface 132a and side surface 132 can by 
made smaller. This can reliably prevent the side surface 132b of the base member 132 from 
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being wetted by droplets and, thus, the optical member 114 having the desired shape and size 
can be reliably formed. 

2. A method of manufacturing a micro lens substrate 

[0143] Next, a method for manufacturing the micro lens substrate 300 of the present 
example is described. FIG. 21(a) -to FIG. 21(e) are sectional views that schematically show 
the process of manufacturing the micro lens substrate 300 shown in FIG. 19 and FIG. 20, 
respectively. 

[0144] The method of manufacturing the micro lens substrate 300 of the present 
example is the same as the method of manufacturing the micro lens substrate 200 of Example 
1, except for a step of patterning the base member 132. For this reason, the following 
description primarily concerns the step for patterning the base member 132. 

[0145] First, after the resin layer 1 12x is formed on the substrate 10, which consists 
of a glass substrate, the resist layer Rl of a prescribed pattern is formed [FIG. 21(a) -to FIG. 
21(c)]. The steps up to this point are the same as those in the manufacturing method 
described in Example 1 . 

[0146] The substrate 10 is then heat treated at a temperature (130 °C, for example) 
that is just low enough not to change the properties of the resist. In this heat treatment, it is 
preferable to cure the top side of the resin layer 1 12x (the resist layer Rl side) to a greater 
degree than the part of the resin layer 1 12x nearer the substrate 1 10, by applying heat from 
the top side of the resin layer 1 12x. 

[0147] Next, the resin layer 1 12x is wet-etched, using the resist layer Rl as a mask. 
In this step, the region directly beneath the resist layer, that is, the top part of the resin layer 
1 12x, is more resistant to etching, because the etchant penetrates more slowly here than in 
other regions. Moreover, the top side portion of the resin layer 1 12x is cured to a greater 
degree by the heat treatment than is the substrate 1 10 side portion. Therefore, the wet-etch 
rate of the top side portion of the resin layer 1 12x is slower than that of the substrate 110 side 
portion. Since the wet-etch rate of the top side portion of the resin layer 1 12x is thus slower 
than that of the substrate 110 side portion during the wet-etching step, more of the top side 
portion of the resin layer 1 12x remains compared to the substrate 110 side portion. A base 
member 132 in which the top portion 132c forms an inverse-tapered shape is thereby 
obtained [FIG. 21(d)]. Next, the resist layer Rl is stripped [FIG. 21(e)]. 

[0148] The subsequent steps are the same as those in the manufacturing method 
described in Example 1. The micro lens substrate 300 is thereby obtained (FIG. 19 and FIG. 
20). 
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[0149] The micro lens substrate 300 of the present example and its method of 
manufacture achieve the same effect as that of the optical component of the present 
exemplary embodiment and its method for manufacture. 
[Example 3] 

1. Micro lens substrate structure 

[0150] FIG. 22 is a sectional view that schematically shows a micro lens substrate 
400 of Example 1. FIG. 23 is apian view that schematically shows the micro lens substrate 
400 shown in FIG. 22. Moreover, FIG. 22 schematically shows a cross-section along 
plane A - A in FIG. 23. 

[0151] As shown in FIG. 22, the micro lens substrate 400 of the present example 
has a configuration that differs from that in Example 1 in that a base member 152 is formed 
so that it is integrated with the substrate 110 and is made from the same material (a glass 
substrate) as the substrate 110. However, the other constituent elements are structurally the 
same as those in the micro lens substrate 200 of Example 1, so their description is omitted 
here. 

2. A method of manufacturing a micro lens substrate 

[0152] Next, the method of manufacturing the micro lens substrate 400 of the 
present example is described. FIG. 24(a) -to FIG. 24(e) are sectional views that schematically 
show the process of manufacturing the micro lens substrate 400 shown in FIG. 22 and FIG. 
23, respectively. 

[0153] First, a dry film resist (DFR) is laminated on the substrate 110, which 
consists of a glass substrate [FIG. 24(a)]. 

[0154] Then, a photolithography step is performed using a mask 230 of the 
prescribed pattern [FIG. 24(b)]. A resist layer R2 of the prescribed pattern is thereby formed 
[FIG. 24(c)]. 

[0155] Next, the substrate 110, which consists of a glass substrate, is patterned, 
using the resist layer R2 as a mask [FIG. 24(d)]. This patterning thus forms the base members 
152 so that they are integrated with the substrate 1 10. In other words, the adjacent base 
members 1 52 are separated by a channel. 

[0156] Examples of possible patterning methods include wet etching with 
hydrofluoric acid, ion beam etching, micro fabrication with a laser, sandblasting, and so forth. 
For patterning relatively large areas, sandblasting is among the more effective techniques. 
Sandblasting, a technique wherein etching is performed by blasting the work piece with 
particles whose diameter ranges from 1 micron to several tens of microns, can obtain 
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resolutions of about 20 microns. Examples of materials that can be used as particles in 
sandblasting are SiC and AIO2 and so forth. Next, the resist layer R2 is stripped [FIG. 24(e)], 

[0157] The subsequent steps are the same as those in the manufacturing method 
described in Example 1 . The micro lens substrate 400 is thereby obtained (FIG. 22 and FIG, 
23). 

[0158] The micro lens substrate 400 of the present example and its method of 
manufacture achieves the same effect as that of the optical component of the present 
exemplary embodiment and its method for manufacture. 
[Example 4] 

1 . A method for removing the optical members 114 

[0159] Example 4 describes a method of removing the optical members 14 from the 
micro lens substrate 200 obtained in Example 1. FIG. 25(a) and FIG. 25(b) are sectional 
views that respectively schematically show a method for removing the optical members 1 14 
of the present example. The removed optical members 114 can be used independently as a 
part of another device. Specifically, the optical member 1 14 can be used as a ball lens, as a 
part of another device. 

[0160] First, an adhesive sheet 150 is placed on the optical members 1 14 of the 
micro lens substrate 200 of Example 1 [FIG. 25(a)]. Then, the optical members 114 are 
removed from the base member 1 12 by pulling off the adhesive sheet 150 [FIG. 25(b)]. The 
optical members 114 can be removed by the aforesaid process. If the top surface 1 12a of the 
base member 112 here is pre-treated with a repellant liquid, removal is facilitated. 

[0161] In addition, the present example describes a method of removing the optical 
members 114 from the micro lens substrate 200 of Example 1. However, the method of the 
present example may also be used to remove the optical members 114 from the micro lens 
substrates 300, 400 of Examples 2 and 3. 

[0162] Moreover, the present example describes a method of removing optical 
members that function as lenses from the micro lens substrate. However, a method similar to 
that in the present example may also be used for instances where optical members having 
functions other than those of lenses are to be removed from the optical component. 



